Phylogeography of Sepioteuthis lessoniana (the bigfin reef squid)  and Uroteuthis duvauceli (the Indian squid). by Bergman, Alexis M
Southern Illinois University Carbondale
OpenSIUC
Honors Theses University Honors Program
5-11-2013
Phylogeography of Sepioteuthis lessoniana (the
bigfin reef squid) and Uroteuthis duvauceli (the
Indian squid).
Alexis M. Bergman
Southern Illinois University Carbondale, alexisb@siu.edu
Follow this and additional works at: http://opensiuc.lib.siu.edu/uhp_theses
This Dissertation/Thesis is brought to you for free and open access by the University Honors Program at OpenSIUC. It has been accepted for inclusion
in Honors Theses by an authorized administrator of OpenSIUC. For more information, please contact opensiuc@lib.siu.edu.
Recommended Citation
Bergman, Alexis M., "Phylogeography of Sepioteuthis lessoniana (the bigfin reef squid) and Uroteuthis duvauceli (the Indian squid)."
(2013). Honors Theses. Paper 353.
  
Phylogeography of Sepioteuthis lessoniana (the bigfin reef squid)  
and Uroteuthis duvauceli (the Indian squid). 
Alexis Bergman 
 
 
 
 
 
 
 
A thesis submitted to the University Honors Program 
in partial fulfillment of the requirements for the 
Honors Degree 
 
 
 
 
 
 
 
Southern Illinois University 
April 18, 2013 
2 
 
Abstract 
Sepioteuthis lessoniana (the bigfin reef squid) and Uroteuthis duvauceli (the Indian squid) are 
two squid species found in largely overlapping regions in the Indian and Pacific Oceans. While 
both squids are important to fisheries throughout their ranges, very little taxonomic work has 
been done on either of them. Previous studies have led scientists to believe that S. lessoniana is 
actually a species complex (for example, there appear to be three species of “S. cf. lessoniana” in 
Japanese waters alone).  The similarly broad geographic range of U. duvauceli suggests that this 
species could also harbor substantial cryptic genetic diversity. In order to evaluate genetic 
variation within these two species, regions of two mitochondrial genes—the large subunit 
ribosomal RNA gene (16S) and the cytochrome oxidase I gene (COI)—from specimens caught 
in regions throughout the northern Indian and western Pacific Oceans were sequenced and 
compared. Sequences were obtained by extracting the DNA from tissue samples of both species, 
amplifying the DNA using the polymerase chain reaction (PCR), determining the sequences of 
both DNA strands using a automated DNA sequencer, and comparing sequences to one another 
to establish similarities and differences between geographic locations. To expand the 
significance of this study, we compared our sequences to data contributed by a collaborator 
(Samantha H. Cheng, Department of Ecology and Evolutionary Biology, UCLA) and data 
downloaded from GenBank (an online genetic database). Phylogeographic analyses showed that 
Sepioteuthis lessoniana from southern India represent two very distinct genetic lineages, 
suggesting that “S. cf. lessoniana” comprises at least two cryptic species in south Indian waters. 
For Uroteuthis duvauceli, specimens from Iran are genetically distinct from those in Thailand 
and Japan, which may support the hypothesis of several undescribed species within “U. cf. 
duvauceli”. This study is the first attempt to assess genetic diversity across the ranges of these 
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two species; future work will require additional genetic markers and (most importantly) 
additional sampling from other geographic regions. 
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Introduction 
Sepioteuthis lessoniana (Figure 1, Roper et al., 1984) and Uroteuthis duvauceli (Figure 2, Hoyle, 
W.E., 1886) are two squid species found in largely overlapping regions in the Indian and Pacific 
Oceans. S. lessoniana (the bigfin reef squid) is found from the Red Sea and the Mediterranean 
Sea to northern Australia, Japan, and the Hawaiian Islands. U. duvauceli (the Indian squid) is 
found from the Red Sea to the Philippines and South China Sea, including Taiwan (Roper et al., 
1984). Both species are important to fisheries throughout their ranges. The bigfin reef squid is 
captured throughout the year for commercial sale in Southeast Asia. In Sri Lanka, it is the most 
common cephalopod species caught, and in China, it is one of four species from the family 
Loliginidae captured and sold (Roper et al., 1984). It is the target of both commercial and 
subsistence fisheries in the Gulf of Thailand (Flaherty and Karnjanakesorn, 1993). The Indian 
squid is the second most valuable squid species for trawl fisheries in the Gulf of Aden and one of 
the major fisheries species in the Gulf of Thailand (Roper et al., 1984). This species is exploited 
by artisanal subsistence fisheries (Roper et al., 1984) and is a large portion of the bycatch of 
prawn trawlers off the northeastern South African coast (Fennessy, 1993). Even though these 
squid are economically important, little taxonomic work has been done on either species.  
Previous studies have shown that at least three genetically distinct populations of S. 
lessoniana exist in part of its range. Due to different body color, size, and appearance, three 
different forms of S. lessoniana have long been recognized by Japanese fishermen. Allozyme 
studies supported the hypothesis that these different forms represent three genetically distinct 
groups (Izuka, 1996). Furthermore, a recent study has shown that these three species are different 
from other S. lessoniana found around Taiwan and Vietnam (Aoki et al., 2008). Finally, S. 
lessoniana in Australian waters appears to comprise two genetically distinct groups, both of 
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which are distinct from the Southeast Asian groups described above (Izuka, 1994; Triantafillos 
and Adams, 2005). These studies show that there could be six or more separate species of “S. cf. 
lessoniana” in total. By contrast, geographic patterns of genetic variation in U. duvauceli have 
not been studied to date, but similar species have been documented to comprise cryptic species 
and high levels of genetic diversity (Yeatman and Benzie, 1993).  
A better understanding of genetic variation in these species will provide better protection 
from fishery overexploitation. Genetic techniques have already been used in many finfish 
fisheries (Ryman and Utter, 1987; Carvalho and Pitcher, 1995) and offer the same benefits to 
invertebrate fisheries such as identifying stocks for fisheries and conservation; learning how 
genetics affect growth rate, survival, and disease resistance; developing strains for captive 
breeding; and understanding the structure of populations (Thorpe et al., 2000).  Understanding 
genetic relationships within these species will give insight into stocks—genetic breeding units— 
that help fisherman and scientists determine sustainable catch levels for different species 
(Bohnsack and Ault, 1996). If populations of these species from different regions are genetically 
distinct, overfishing of a single population could result in extinction of a distinct species. Captive 
breeding has been implemented for endangered species such as the white surgeon (Acipenser 
transmontanus) to prevent extinction. While this hopefully is a last resort, it does serve as a 
protection plan in which genetic techniques are used to ensure fish are genetically similar to wild 
stocks before they are released (Ireland et al., 2002) In order to be able to use this measure, 
however, scientists must have an understanding of what genes they are trying to preserve. In 
short, fishery pressure in certain areas may threaten as-yet-undiscovered species which could be 
protected through greater genetic understanding. 
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 In order to evaluate genetic variation in these two species, two regions of mitochondrial 
DNA from specimens caught off the coasts of Iran and India were compared to sequences of 
specimens from different regions in the northern Indian and western Pacific Oceans generated in 
previous studies. Similar research has been done on Sepia pharaonis, another commercially 
important cephalopod species in this region, and distinct groups from different geographical 
regions have been distinguished (Anderson et al., 2007; 2011.) Due to the success of these 
studies on similar cephalopod species, sequences from S. lessoniana and U. duvauceli were 
mapped and compared in order to provide information that could be useful to fisheries scientists 
and cephalopod researchers.  
        
Figure 1 Sepioteuthis lessoniana 
 (Roper et al., 1984) 
 
 Figure 2 Uroteuthis duvauceli  
(Hoyle, W.E., 1886) 
 
Methods 
 
Tissue samples from the fins of thirteen U. duvauceli specimens from the Oman Sea (25
o00’N-
25
o
10'N, 59
o
 00’E- 59o30'E) and six from the Persian Gulf (27o40'N - 29o00'N, 50o30'E - 
52
o
30'E) as well as seven S. lessoniana individuals from India (two from Mangalore Bay, five 
from off the coast of Pamban Island, and two from Palk Bay; Figure 3; Table 1), were sent to 
Southern Illinois University Carbondale in 80-100% ethanol by collaborators of Dr. Frank E. 
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Anderson, Zoology Department Associate Professor and REACH mentor—K. Sunil  Mohamed 
(Central Marine Fisheries Research Institute, Cochin, India) and Tooraj Valinassab (Iranian 
Fisheries Research Organization, Tehran, Iran). DNA was extracted from these samples using a 
DNEasy Extraction Kit (QIAGEN). A HotStarTaq Master Mix (QIAGEN) was used to amplify 
two regions of the mitochondrial cytochrome c oxidase subunit I (COI) gene and the large 
subunit ribosomal RNA gene (16S) via PCR, the polymerase chain reaction, following 
manufacturer’s protocols (half-reactions). These gene regions were chosen because they have 
been used to study the population genetics in S. pharaonis (Anderson et al., 2011). The primers 
used for the CO1 gene were (Folmer et al., 1994): COI-H: 5´-
TAAACTTCAGGGTGACCAAAAAATCA-3´ and COI-L: 5´-
GGTCAACAAATCATAAAGATATTGG-3´, and for the 16S gene, the primers were (Geller et 
al., 1997) D16SAR 58-CGCCTGTTTAHYAAAAACAT-3´ and D16SBR 5´-
CCGGTCTGAACTCAGMTCAYGT-3´. These primers each bind to a conserved region of the 
gene and allow enzymatic replication of the region between the primer binding sites. The DNA 
was amplified using a thermocycler which cycles the temperature for efficient replication as 
follows: denaturation: 94⁰C for 2 minutes; amplification: 35 cycles of 94⁰C denaturing for 1 
minute and 72⁰C extension for 1.5 minutes; extension: 72⁰C for 7 minutes.  
 The PCR product was run on an electrophoresis gel against a standard ladder to evaluate 
the length, quality, and quantity of the PCR products. 16S gene regions often resulted in faint 
bands and required the sample to be QIAQuick Gel purified. These samples were run on a 1% 
agarose gel with TAE buffer gel and put under an ultraviolet light to cut the separated DNA out 
of the gel. The DNA in the gel slices were purified using a QIAQuick Gel extraction Kit 
(QIAGEN) following manufacturer’s protocols. The PCR product of CO1 and the gel-purified 
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product of 16S were sequenced using a BigDye
TM
 Terminator Cycle Sequencing Ready Reaction 
Kit v3.0 (one-eighth reactions), and the sequencing reaction product was purified using 
Sephadex spin columns. The purified sequencing reactions were then run out on an ABI Prism 
3730 XL automated DNA sequencer. Sequences were checked and edited using Sequencher 4.1, 
combined with data from congeneric individuals downloaded from GenBank and data from 
additional Sepioteuthis populations (provided by Samantha Cheng, UCLA, Table 1), and aligned 
with Muscle v3.8.31 under default settings (Edgar, 2004).  The resulting alignments were 
concatenated using Mesquite v. 2.75 (Maddison and Maddison, 2011). Maximum likelihood 
analyses were performed using the rapid bootstrapping function coupled with a more thorough 
ML tree search (analysis option –f a) in RAxML 7.0.4 (Stamatakis, 2006). This included running 
500 bootstraps under the general time-reversible (GTR) model with a discrete gamma 
approximation to account for among-site rate variation using the following RAxML command: (-
f a -p <parsimony random number seed> -x <bootstrap random number seed> -# 500 -m 
GTRGAMMA -s <data file name> -n <output file name>). Ancestral states for one 
morphological character—photophores (absent or present)—were estimated in Mesquite 
(Maddison and Maddison, 2011) via maximum likelihood using the Mk1 model (Lewis, 2001) 
and the asymmetric 2-parameter model on the maximum-likelihood topology. 
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Figure 3: Sample locations for Uroteuthis duvauceli and Sepioteuthis lessoniana collected by 
collaborators of Frank E. Anderson 
 
Results 
Phylogenetic trees for the U. duvauceli data set of combined COI/16S sequences strongly 
supported monophyly of U. duvauceli but revealed that the U. duvauceli specimens sampled 
from Iran were genetically distinct from U. duvauceli sampled from the Andaman Sea near 
Thailand and the western Pacific (China) (Figure 3, Table 1). Sequences from specimens from 
the Persian Gulf and Oman Sea (Figure 4) were indistinguishable from one another. One 
specimen (7CH) was identified as U. duvauceli by T. Valinassab but was found to be more 
closely related to another species, Uroteuthis edulis. For Sepioteuthis lessoniana, specimens 
grouped distinctly into three forms. Two of the forms, the “Australian form” and the “Indo-
Pacific form”, appear to be broadly distributed from at least India in the west to the Philippines 
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in the east, while the third (a Sumatran form) may be more geographically restricted.  Figure 5 
shows the maximum likelihood bootstrap support values ranging from 94 to 100, supporting a 
close evolutionary relationship between specimens from India, Indonesia, Philippines, and China 
that fall either in the Australian or Indo-Pacific form.  
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Table 1 Location of collection by collaborators of Frank E. Anderson of samples that were sequenced, compared, 
and mapped in Figure 4 and 5.  
Species Specimen Locality Country Lat/Long 
Uroteuthis duvauceli 1CH Oman Sea  Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 2CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 3CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 4CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 5CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 6CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 7CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 8CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 9CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 10CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 11CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 12CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 13CH Oman Sea Iran 59
⁰
00´E - 59
⁰
30´E, 25
⁰
00´N - 25
⁰
10´N 
 BO2 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
 BO3 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
 BO4 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
 BO5 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
 BO6 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
 BO7 Persian Gulf Iran 50
⁰
30´E - 52
⁰
30´E, 27
⁰
40´N - 29
⁰
00´N 
Sepioteuthis lessoniana GM1 IF Pamban, Gulf of Mannar India  
 GM2 IF Pamban, Gulf of Mannar India  
 GM3 IF Pamban, Gulf of Mannar India  
 GM1 AF Pamban, Gulf of Mannar India  
 GM2 AF Pamban, Gulf of Mannar India  
 MNG1 Mangalore Bay India  
 MNG2 Mangalore Bay India  
 PB1 IF Mandapam, Palk Bay India  
 PB1 AF Mandapam, Palk Bay India  
 SUM00201 Sumatra (Banda Aceh) Indonesia 5
⁰
53'19.85" N, 95⁰20'46.00" E 
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Australian form 
 
Indo-Pacific form 
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Discussion 
Uroteuthis duvauceli is a mobile squid species that can be found at depths from 0-170 m, 
whereas Sepioteuthis lessoniana prefers coral reefs and shallower waters (0-100 m) (Norman, 
2000). These niche preferences would suggest that U. duvauceli might exhibit more gene flow 
across its range, while S. lessoniana would have more distinct forms throughout its range. The 
data, however, suggest otherwise. While geographic sampling is limited for U. duvauceli, our 
data show that U. duvauceli from Iranian waters are genetically distinct from specimens caught 
in Thai and Chinese waters, a phylogeographic pattern similar to that seen in Sepia pharaonis, 
another neritic cephalopod found throughout the Indo-Pacific (Anderson et al., 2007; 2011). One 
specimen from Iran provisionally identified as U. duvauceli (7CH) was found to group instead 
with U. edulis. U. edulis was long believed to be absent from the western Indian Ocean, but 
Jereb and Roper (2006) recently suggested that the range of U. edulis includes the Oman Sea. In 
addition to sharing habitat, U. edulis and U. duvauceli are both medium-sized squid species and 
share some similar characteristics. Commercial fisheries commonly catch U. edulis ranging in 
size from 150-250 mm which includes the most common size of U. duvauceli (150 mm). U. 
edulis is described as moderately stout by Jereb and Roper (2010), and according to Okutani 
(2005), U. duvauceli has also been recorded as a chubby/stout form in the eastern Indo-Pacific 
region. Additionally, a large form of U. duvauceli was reported in the Gulf of Aden and the 
Arabian Sea (Nesis, 1982/1987), waters near where our 7CH sample was collected. With these 
similarities in appearance, these species have the potential to be confused. Adding to the 
confusion, both species are known to be polymorphic, and U. edulis is often misidentified as 
other species such as U. sibogae and U. chinensis (Jereb and Roper, 2010). 
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Intriguingly, inclusion of Loliolus sequences in our analysis strongly suggests that 
Uroteuthis is paraphyletic. Loliolus appears to be nested deep within Uroteuthis. Uroteuthis 
species are the only loliginids that possess bacterial bioluminescent organs on the ventral side of 
their ink sacs (Nesis, 1987). Evolutionarily, this is believed to be a defense mechanism that 
makes them less visible to predators through counterillumination of their ink sac (Young, 1977; 
Moynihan, 1983; Jones & Nishiguchi, 2004). Ancestral state reconstruction of photophore 
evolution using maximum likelihood and maximum parsimony on the tree in Figure 4 strongly 
suggests that bacterial bioluminescence was present in the common ancestor of Uroteuthis and 
Loliolus but was lost in the ancestor of Loliolus. This hypothesis is supported by previous studies 
that noted a pair of papillae in a similar position on males of Loliolus affinis and Loliolus 
hardwickei as photophores on Uroteuthis. Lu et al. (1985) suggested that these may represent 
vestigial photophores that Loliolus at one time possessed but evolutionarily lost. This was further 
supported by Bayesian and maximum-likelihood ancestral state reconstructions that suggest 
photophores arose once in Loliginidae, an ancestor to Loliolini, and were lost in Loliolus 
descendants later on (Anderson et al., 2013). Many questions still remain on this topic and 
require genetic analysis of more specimens to fully understand this discovery.  
Both the Indo-Pacific and Australian forms of S. lessoniana appear to be widely 
distributed geographically (Figure 5). The Australian form specimens sampled from Indian, 
Indonesian, and Philippine waters were genetically very similar to one another. Similarly, Indo-
Pacific form specimens sampled from Indian, Chinese, Taiwanese, Indonesian and Philippine 
waters were genetically very similar. A third genetically distinct lineage was sampled from 
Sumatra (Banda Aceh) by our collaborator Samantha Cheng.  This form may be more localized 
than the other forms revealed in our phylogeny, but further sampling will be necessary to 
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confirm this. One Australian form specimen from India—PB1 AF—grouped with the Indo-
Pacific form specimens. This could be mislabeling due to similar body forms. It also could be 
due from hybridization between the forms, given that these forms overlap in their distribution. 
 In summary, Uroteuthis duvauceli and Sepioteuthis lessoniana both appear to 
comprise multiple genetically distinct lineages that could represent cryptic species.  Our 
results require additional phylogenetic evaluations in order to better preserve these species for 
the fishery industry that relies on them. 
 
Acknowledgements 
I would like to thank everyone who made this data and project possible. It required a lot of 
contribution that created the foundation for the results. To begin, I could not have analyzed data 
without the funding from Southern Illinois University’s REACH award or tissue samples and 
additional Sumatra S. lessoniana sequences provided by K. Sunil  Mohamed (Central Marine 
Fisheries Research Institute, Cochin, India), Tooraj Valinassab (Iranian Fisheries Research 
Organization, Tehran, Iran), and Samantha H. Cheng (Department of Ecology and Evolutionary 
Biology – UCLA). In addition, I was continuously aided by graduate and undergraduate students 
of Dr. Frank Anderson’s lab Kevin Horn, Nicholas Defreitas, and Megan Ratts who taught me 
lab procedures and answered all of my day to day questions. I also want to thank Dr. Ed Heist’s 
Lab for loaning equipment and pooling efforts to create sequences. Lastly, I would like to thank 
Dr. Frank E. Anderson who has provided not only a lab to complete this study and samples to 
work with, but also guidance and support on techniques, analysis, writing, and finalization. 
  
17 
 
References 
Anderson, F.E, Bergman, A., Cheng, S.H., Pankey, S. and Valinassab, T. 2013. Lights out: the 
evolution of bacterial bioluminescence in Loliginidae. Hydrobiologia. (Accepted for 
publication). 
Anderson, F.E., Engelke, R., Jarrett, K., Valinassab, T., Mohamed, K.S., Asokan, P.K., Zacharia, 
P.U., Nootmorn, P., Chotiyaputta, C., Dunning, M. 2011. Phylogeny of the Sepia 
pharaonis species complex (Cephalopoda: Sepiida) based on analyses of mitochondrial 
and nuclear DNA sequence data. Journal of Molluscan Studies. 0:1-11 
Anderson, F.E., Valinassab, T., Ho, C.W., Mohamed, K.S., Asokan, P.K. 2007. Phylogeography 
of the pharaoh cuttle sepia pharaonis based on partial mitochondrial 16S sequence data. 
Reviews Fish Biology and Fisheries. 17: 345.352. 
Aoki, M., Imai, H., Naruse, T., and Ikeda Y. 2008. Low genetic diversity of oval squid, 
Sepioteuthis cf. lessoniana (Cephalopoda: Loliginidae), in Japanese waters inferred from 
a mitochondrial DNA non-coding region. Pacific Science. 63 (3):403-411. 
Bohnsack, J.A., and J.S. Ault. 1996. Management strategies to conserve marine biodiversity. 
Oceanography. 9:73-82. 
Carvalho, G.R. and T.J. Pitcher. 1995. Molecular genetics in fisheries. Chapman and Hall, 
London. 
Edgar, R.C. 2004. MUSCLE: multiple sequence alignment with high accuracy and high 
throughput. Nucleic Acids Res. 32(5):1792-1797. 
Fennessy, S.T. 1993. A description and evaluation of the ichthyofaunal bycatch of the Tugela 
Bank prawn trawlers. MSc thesis, University of Natal, Durban. 104 pp. 
Flaherty, M.S. and Karnjanakesorn, C. 1993. Commercial and subsistence fisheries conflicts in 
the Gulf of Thailand- the case of squid trap fishers. Applied Geography, 13(3): 243-258. 
18 
 
Folmer, O., M. Black, W. Heoh, R. Lutz, and R. Vrijenhoek. 1994. DNA primers for 
amplification of mitochondrial cytochrome c oxidase  subunit I from diverse metazoan 
invertebrates. Molecular Marine Biology and Biotechnology 3:294-299. 
Geller, J.B., Walton, E., Grosholz, E. and Ruiz, G. 1997. Cryptic invasions of the crab Carcinus 
detected by molecular phylogeography. Molecular Ecology 6:256-262. 
Hoyle, W.E. 1886. Report on the Cephalopoda. Report on the Scientific Results of the Voyage of 
H.M.S. Challenger During the Years 1873-76, Zoology, 16(44):1-245. 
Ireland, S.C., P.J. Anders, and J.T. Siple. 2002. Conservation Aquaculture: An Adaptive 
Approach to Prevent Extinction of an Endangered White Sturgeon Population. American 
Fisheries Society Symposium 28:211-222. 
Izuka, T., Segawa, S., Okutani, T., & Numachi, K. 1994. Evidence on the existence of three 
species in the oval squid Sepioteuthis lessoniana complex in Ishigaki Island, Okinawa, 
southwestern Japan, by isozyme analyses. Venus the Japanese Journal of Malacology, 
53(3): 217-228. Retrieved from EBSCOhost. 
Izuka, T., Segawa, S., and Okutani, T. 1996. Biochemical study of the population heterogeneity 
and distribution of the oval squid Sepioteuthis lessoniana complex in southwestern Japan. 
American Malacological Bulletin, 12(1/2): 129-135. 
Jereb, P. and Roper C.F.E. 2006. Cephalopods of the Indian Ocean. A review. Part I. Inshore 
squids (Loliginidae) collected during the International Indian Ocean Expedition. 
Proceedings of the Biological Society of Washington. 119(1):91-136. 
Jereb, P. and Roper C.F.E. 2010. Cephalopods of the world: an annotated and illustrated 
catalogue of cephalopod species known to date. FAO Species Catalogue for Fishery 
Purposes. No. 4 Vol. 2. 
19 
 
Jones, B.W. & Nishiguchi, M.K. (2004). Counterillumination in the Hawaiian bobtail squid, 
Euprymna scolopes Berry (Mollusca : Cephalopoda). Marine Biology 144, 1151–1155. 
Lewis, P.O. 2001. A likelihood approach to estimating phylogeny from discrete morphological 
character data. Systematic Biology 50: 913–925. 
Lu, C.C., Roper, C.F.E. & R.W. Tait. 1985. A revision of Loliolus (Cephalopoda; Loliginidae), 
including L. noctiluca, a new species of squid from Australian waters. Proceedings of the 
Royal Society of Victoria, 97(2): 59–85.  
Maddison, W. P. and D.R. Maddison. 2011. Mesquite: a modular system for evolutionary 
analysis. Version 2.75  http://mesquiteproject.org. 
Moynihan, M. 1983. Notes on the behavior of Euprymna scolopes (Cephalopoda: Sepiolidae). 
Behaviour 85, 25–41. 
Nesis, K.N. 1987. Cephalopods of the World. T. F. H. Publications Inc., Neptune, NJ. Print 
Nesis, K.N. 1982/1987. Cephalopods of the world. squids, cuttlefishes, octopuses and allies 
(translated from Russian by BS Levitov), ed. L.A. Burgess, 1987. TFH Publications Inc., 
Ltd., 351 pp. Neptune City, NJ and London. 
Norman, M. 2000. Cephalopods: A World Guide. Conch Books, Hackenhein, Germany. Print. 
Okutani, T. 2005. Cuttlefishes and squids of the world. National Cooperative Association of 
Squid Processors, Tokyo, 253 pp. 
Roper, C.F.E.,M.J. Sweeney, and C.E. Nauen. 1984. Cephalopods of the world: an annotated and 
illustrated catalogue of species of  interest to fisheries. United Nations Development 
Programme; Food and Agriculture Organization of the United Nations, New York, New 
York. 
20 
 
Ryman, N. and F. Utter. 1987. Population genetics and fishery management. Washington 
University Press, Seattle, Washington 
Stamatakis A. 2006. RAxML-VI-HPC: Maximum Likelihood-based Phylogenetic Analyses with 
Thousands of Taxa and Mixed Models, Bioinformatics 22: 2688–2690. 
Thorpe, J.P., Sol´e-Cava, A.M., and P. C. Watts. 2000. Exploited marine invertebrates: genetics 
and fisheries. Hydrobiologia 420: 165–184 
Triantafillos, L. and M. Adams. 2005. Genetic evidence that the northern calamari, Sepioteuthis 
lessoniana, is a species complex in Australian waters. Journal of Marine 
Science.62:1665-1670. 
Yeatman J. and J.A.H. Benzie. 1993. Cryptic speciation in Loligo from northern Australia. 
Recent Advances in Cephalopod Fisheries Biology, Tokai University Press, 641-652  
Young, R.E. 1977. Ventral bioluminscent countershading in midwater cephalopods. Symposia of 
the Zoological Society of London 38, 161–190. 
